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An optical disc comprises an information recording 
layer having a record of information as a pit train with a 
predetermined track pitch and a light-transmissive 
layer formed on the information recording layer so that 
the information can be reproduced by a beam of light 
illuminated through the light-transmissive layer to the 
information recording layer by an objective lens. The 
optical disc is characterized in that a relationship of 
0.194 (/NA)2 TPxTmin 0.264 (/NA)2 is satisfied, 
provided that the track pitch is >TP, a pit shortest 
length is Tmin, a wavelength of the light beam is and a 
numerical aperture of the objective lens is NA. The 
optical disc is characterized in that a pit width is 120 
nm or smaller in a range of a track pitch of 0.280 to 
0.325 m. 
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1 . An optical disc, comprising an information recording layer having a record of information as a pit train with a 
predetermined track pitch and a iight-transmissive layer formed on said information recording layer so that the 
information can be reproduced by a beam of light illuminated through said iight-transmissive layer to said information 
recording layer by an objective lens, characterized in that a relationship of 0.194 ([lambda]/NA)<2><=TP*Tmin<=0.264 
;([lambda]/NA)<2 >is satisfied, provided that the track pitch is TP, a pit shortest length is Tmin, a wavelength of the 
light beam is [lambda] and a numerical aperture of said objective lens is NA, and in that a pit width is 120 nm or 
smaller in a range of a track pitch of 0.280 to 0.325 [mu]m. 

2. An optical disc according to claim 1 , characterized in that a bottom width of the pit is 40 nm or greater. 

3. An optical disc according to claim 1 or 2, characterized in that the light beam has a wavelength [lambda] of 400 to 
415 nm and said objective lens has a numerical aperture NA of from 0.78 to 0.86. 

j 

4. An information reproducing apparatus, comprising: means for rotatably supporting an optical disc having an 
information recording layer having a record of information as a pit train with a predetermined track pitch and a Iight- 
transmissive layer formed on said information recording layer; a light source for emitting a beam of light; an objective 
lens for focusing the light beam toward said information recording layer through said Iight-transmissive layer of said 
optical disc; an illuminating optical system for guiding the light beam to said objective lens; and a detecting optical 
system including light detecting means to guide a reflection light from said information recording layer to said light 
detecting means through said objective lens; means for reproducing information recorded on said optical disc on the 
basis of an output from said light detecting means, 

Characterized in that said optical disc is satisfied by a relationship of 0.194 ([lambda]/NA)<2><=TP*Tmin<=0.264 
:([lambda]/NA)<2>, provided that the track pitch is TP, a pit shortest length is Tmin, a wavelength of the light beam is/ 
[lambda] and a numerical aperture of said objective lens is NA, in that a pit width is 120 nm or smaller in a range of a 
trackpitch pf 0.280 to 0,325 [mu]m. £ ^ ? v| 

5. An information reproducing apparatus. according to claim 4 f characterized in that a bottom width of the, pit is 40 nm 
Jor greater. '* * % t f . f 

|6. An information recording apparatus according to claim 4 or 5; Characterized in that said light source is a blue 
semiconductor laser having a wavelength [lambda] of 400 to 415 nm, and said objective lens has a numerical aperture 
NA of from 0.78 to 0.86. H . 
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OPTICAL DISC AND INFORMATION REPRODUCING APPARATUS FOR SAME 

Description of corresponding document: US20030991 83 



TECHNICAL FIELD j 
[0001] The present invention relates to an optical disc having a record of information in the form of a pit train, and to 
an information reproducing apparatus for mounting such an optical disc thereon to reproduce the information out of 
the same by the use of a beam of light. j 

BACKGROUND ART j 
[0002] Conventionally, DVD (Digital Versatile Disc) has been developed as an optical disc having a dense record of 
information. The DVD can afford to record the data of 2.6 MB on one surface of an optical disc by illuminating a beam j 
of light having a wavelength of 650 nm onto the disc through an optical system having a numerical aperture NA of 0.6. \ 
The DVD is capable of recording video signals of nearly one home on one surface thereof. I 
[0003] In the meanwhile, the home-use video tape recorder has a basic recording time of nearly two hours. In order to j 
secure the handling equivalent to the video tape recorder on the optical disc and player or information reproducing 
apparatus, there is a need for the optical disc to record much more data. Meanwhile, in order to make feasible the 
process such as editing by making the most of a random access function and the like as the features of the optical 
disc, there is a necessity of recording video signals of nearly three hours. j 
[0004] Furthermore, there is a demand for a high-density reproducing exclusiv%optical disc in the marketplace. The j 
transfer rate for the digital HDTV (digital high definition television) offered by BS (broadcasting satellite) digital 
television broadcast Is expected 20 to 24Mbps. The recording of digital HDTV video signals in an amount of one 
movie, e.g. about two hours and half or 150 minutes, requires 22.5 to 27 GB= (20-25 Mbps)/8(bits)/1 000*1 50(min.)*60 j 
(sec.)- Basically, the reproducing capability of an information reproducing apparatus is determined by NA/[lambda] by j 
using an objective lens NA and a read-out beam wavelength [lambda]. It is accordingly possible to improve the optical- j 
jdisc recording/reproducing density by increasing the NA and decreasing the [lambda]. The current DVD uses an 
optical disc system employs [lambda]=650 nm and NA=0.6, and a light-transmissive layer with 0.6 mm thick between j 
the most outer surface and the reflection recording surface of the information recording layer of the optical disc. 
[0005] For example, Japanese Patent No; 2,704,107 discloses an optical disc having a track pitch of (0.72-0.8)* $ ; 
[lambda]/NA/1.14 [mu]m, a pit width or upper width of (0.3-0.45)*[lambda]/NA/1 .1 4 [mu]m and a pit bottom width or 
lower width of (0.2-0.25)*[lambda]/NA/1 .1# [mu]m provided that a reproducing beam wavelength of [lambda] [[mu]m] . : j 
and an objective lens numerical aperture is NA. With such an optical disc, the crosstalk between the adjacent tracks is | 
suppressed in amount by selecting a particular pit form within the above range of track pitch. ^ | 

[0006] In this related art, when determining a track pitch and a pit width, as shown in FIG. i , a pit train of a single 1 
frequency is assumed to estimate as a crosstalk a signal amplitude of a basic frequency component in a 
photodetector output signal obtained when the reproducing light spot scans a point deviated a constant amount from a j 
track center. 

[0007] In order to record data with further density, the particular pit form of the related-art disc if simply converted on 
the assumption, for example, of [lambda]=405 nm and NA=0.85 provides a track pitch TP of 0.301 to 0.334 [mu]m, a j 
pit upper width Wm of 125 to 188 nm and a pit lower width Wi of 80 to 1 00 nm^f the; optical disc as defined by such 
related art is reproduced, the relationship between the track pitch and the pit width deviates from an optimal value. 
jThis results in a problemithat the crosstalk signal amplitude and main signal amplitude representative of 4 # 
superiority/inferiority in RF signal characteristic exceeds -9 dB that is not practically problematic, thus making j 
impossible to secure a sufficient system margin. |,, 

DISCLOSURE OF INVENTION 

[0008] Accordingly, the present Invention has been made by taking into account the foregoing point. It is an object of 
the present invention to provide a next-generation optical disc and information reproducing apparatus capable of 
recording data with higher density as compared to the conventional DVD by the use of a reproducing beam of light 
having a shorter wavelength and an optical system having a higher numerical aperture. 

[0009] An optical disc according to the present invention is an optical disc comprising an information recording layer 
having a record of information as a pit train with a predetermined track pitch and a iight-transmissive layer formed on j 
the information recording layer so that the information is to be reproduced by a beam of light illuminated through the j 
light-transmissive layer to the information recording layer by an objective lens, wherein a relationship of 0.194 
;([lambda]/NA)<2x=TP*Tmin<=0.264 ([lambda]/NA)<2 >is satisfied provided that the track pitch is TP, a pit shortest 
length is Tmin, a wavelength of the light beam is [lambda] and a numerical aperture of the objective lens is NA, a pit 
width being 120 nm or smaller in a range of a track pitch of 0.280 to 0.325 [mu]m. 

[0010] In one aspect of the recording medium according to the invention, a bottom width of the pit is 40 nm or greater. 
[001 1] In another aspect of the recording medium according to the invention, the light beam has a wavelength A of 
;400 to 415 nm and said objective lens has a numerical aperture NA of from 0.78 to 0.86. j 
[0012] An optical-disc information reproducing apparatus according to the invention is an information reproducing 
'apparatus comprising: means for rotatably supporting an optical disc having an information recording layer having a 
record of information as a pit train with a predetermined track pitch and a light-transmissive layer formed on the 
information recording layer; a light source for emitting a beam of light; an objective lens for focusing the light beam 
toward the information recording layer through the light-transmissive layer of the optical disc; an illuminating optical 
system for guiding the light beam to the objective lens; and a detecting optical system including light detecting means 
'to guide a reflection light from the information recording layer to the light detecting means through the objective lens; 
means for reproducing information recorded on the optical disc on the basis of an output from the light detecting 
means; wherein the optical disc is satisfied by a relationship of 0.194 ([lambda]/NA)<2 ><=TP*Tmin<=0.264 
:([lambda]/NA)<2 >provided that the track pitch is TP, a pit shortest length is Tmin, a wavelength of the light beam is 
[lambda] and a numerical aperture of the objective lens is NA, a pit width being 120 nm or smaller in a range of a track 
pitch of 0.280 to 0.325 [mu]m. 

[001 3] In one aspect of the information reproducing apparatus according to the invention, a bottom width of the pit is 
;40 nm or greater. , 
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[001 4] In another aspect of the information reproducing apparatus according to the invention, said light source is a 
blue semiconductor laser having a wavelength [lambda] of 400 to 415 nm, and said objective lens has a numerical 
aperture NA of from 0.78 to 0.86. 

[0015] In order to solve the foregoing problem, the present inventor has devised a proper evaluation method as a 
system in the vicinity of [lambda]=405 nm and of NA=0.85 and found by using same a range of track pitch and a pit 
width for further stabilization as an optical disc system. As a result, it has been found that the track pitch should be 
provided within a range of 0.280 to 0.325 [mu]m and the pit width be 120 nm or smaller. Such an optical disc if 
reproduced provides a value of crosstalk-signal-amplitude/main-signal-amplitude, which is representative of 
superiority/inferiority in RF signal characteristic, of -9 dB or below that there is no practical problem, thereby realizing a 
stable system. 

BRIEF DESCRIPTION OF DRAWINGS 

[0016] FIG. 1 is a typical view showing a pit arrangement on an optical disc used to evaluate the crosstalk between 
the adjacent tracks in the related art; 

[0017] FIG. 2 is a graph showing a change of a comma aberration coefficient caused due to an optical disc tilt; 
[0018] FIG. 3 is a graph showing a change of a wavefront aberration coefficient relying upon a defocus amount in the 
optical disc; 

[0019] FIG. 4 is a typical plan view showing a pit arrangement that pits having the shortest pit length are arranged with 
'a single period on the track on the optical disc used to compute main and crosstalk signals in an evaluation amount of 
crosstalk-signal-amplitude/main-signal-amplitude according to the invention; 

[0020] FIG. 5 is a typical pjan view showing a pit arrangement that pits having the longest pit length are arranged with 
a single period on the track on the optical disc used to compute main and crosstalk signals in an evaluation amount of 
brosstalk-signal-amplitude/main-signal-ampiitude according to the invention; 

[0021 ] FIG. 6 is a three-dimensional graph in the case of a product of a track pitch TP and a shortest pit length Tmin of 
0.044 [mu]m<2>, showing a change of a value of crosstalk-signal-amplitude/main-signal-amplitude when changing the 
track pitch and the pit width; 

[0022] FIG. 7 is a two-dimensional graph corresponding to FIG. 6; 

[0023] FIG. 8 is a three-dimensional graph in the case of a product of a track pitch TP and a shortest pit length Tmin of 
0.050 [mu]m<2>, showing a change of a value of crosstalk-signal-amplitude/main-signal-amplitude when changing the 
track pitch and the pit width; 

[0024] FIG. 9 is a three-dimensional graph in the case of a product of ajrackpitch JP and a shortest pit length Tmin of 
#060 [mu]m<2>, showing a change of a value of crosstalk-signy-ampiitude/main-signal-amplitude when changing the 
track pitch and the pit width; 

[0025] FIG. 10 is a two-dimensional graph corresponding to FIG; 8; - r< % v >fe 

[0026] FIG. 11 is a two-dimensional graph corresponding to FIG. 9; 

[0027] FIG. 12 is a three-dimensional graph showing a change of a value of crosstalk-signal-amplitude/main-signal- 
amplitude when therhumefical aperture is respectively given 0.78 in the case of a product of track pitch TP and 
shortest pit length Tmin of 0.194 ([lambda]/NA)<2>; 

[0028] FIG. 13 is a three-dimensional graph showing a change of a value of crosstalk-signal-amplitude/main-signal- 
amplitude when the numerical aperture is respectively given 0.86 in the case of a product of track pitch TP and 
shortest pit length Tmin ^J9^(Dambda]/r^)<2>;^ ^ m ^. A . m ;# . 

[0029] FIG. 14 is a three-dimensional graph showing a change of a value of irosstalk-sighal-ampiitude/main-signai- 
amplitude when the light beam wavelength is respectively given 41 5 nm in the case of a product of track pitch TP iand 
shortest pit length Tmin of 0.1 94 ([lambda]/NA)<2>; , ^ $ *y- ^ ♦ * 

[0030] FIG. 15 is a three-dimensional graph showing a change of a value of crosstalk-signal-amplitude/main-signal- 
amplitude when the light beam wavelength isjespectively|given#00 nm in the case of a product of track pitch TP and 
shortest pit length tmin or 0.194 <[lambda]/NA)<2^ 

[0031] FIGS. 16 to 19 are two-dimensional graphs corresponding to FIGS. 12 to 15 respectively 
[0032] FIG. 20 is a typical view for explaining a pit form on the optical disc of an embodiment of the invention; 
[0033] FIG. 21 is a graph showing a change of a main signal amplitude Main (Tmin), crosstalk signal amplitude Cross 
[Talk (Tmax) and crosstalk-signal-amplitude/main-signal-amplitude (CrossTalk/Main) where a pit lower width is 
changed from 0 to 100 nm with a pit upper width fixed at 100 nm in the optical disc of an embodiment of the invention; 
[0034] FIGS. 22 to 24 are typical sectional views each showing a master disc for the optical disc of the embodiment of 
the invention; % ■ ■ i .? v 

[0035] FIG. 25 is a model on a reproducing optical system of an optical-disc information reproducing apparatus, which 
is a typical view showing a schematic structure of an information; recording/reproducing apparatus having an optical 
pickup device as an example of an embodiment. - 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0036] First explained is the basic way of thinking on the present invention. The present inventor has manufactured an 
optical disc by making the most of an electronic beam recorder (hereiniafter abbreviated as EBR) in order to fabricate 
a pit with a narrow width (Y. kojima, H. Kitahara, O. Kasono, M. Katsumura and Y. Wada: "High Density Electron 
Beam", Jpn. J. Appl. Phys. 37 (1 998) p21 37-21 43). Also, an optimal track pitch and a pit width for an optical disc 
system of the invention have been determined by optical simulation. 

[0037] The comma aberration W31 , occurring in the presence of an optical disc tilt, is given by the following formula: 
EM1 1.1 

[0038] Herein, n is a refractive index of an optical disc substrate, Dth is a thickness of the optical disc substrate, NA is 
a numerical aperture, Dti is a disc tilt angle and [lambda] is a wavelength of a beam of light. 
[0039] In the conventional DVD, the substrate thickness through which the reproducing light beam transmits is 0.6 
rnm. Consequently, a system reproducing margin has been determined by a tilt of the optical disc relative to an optical 
beam axis, particularly by a comma aberration caused by a tilt in the radial direction. For a system the most strict in 
radial tilt characteristic, the track pitch and pit width must have been optimized to sufficiently decrease the crosstalk. 
[0040] in an optical disc system of the invention, if the comma aberration is considered that is caused due to optical 
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disc tilt, when a thickness of light transmissive layer of 0.1 mm is used as shown in FIG. 2, there is a decrease in 

comma aberration W31 caused due to an optical disc tilt as compared between an optical disc (NA, [lambda])=(0.85, j 

405 nm) in the present case and a conventional DVD (NA, [lambda])=(0.60, 650 nm). j 
[0041] On the other hand, the wavefront aberration in defocusing is given by the following formula: 

EMI2.1 | 

} i 

[0042] As can be seen from the above formula, the aberration amount W20 caused due to the same amount of 
defocusing Ddef is increased to about 3.8 times the value of the conventional DVD (NA, [lambda])=(0.60, 650 nm) 
{see FIG. 3) by providing the optical disc in this time with (NA, [lambda])=(0.85, 405 nm). That is, in the optical disc 
system of the present invention, the defocusing characteristic determines a system reproducing margin. In defocusing, 
there is increase of crosstalk and increase of inter-symbol interference as well (to be interpreted as a tangential 
crosstalk). Consequently, the optical disc system strict in defocus characteristic requires optimizations of a track pitch 
and a pit width in order to sufficiently reduce a crosstalk and at the same time an inter-symbol interference. 
[0043] Usually, inter-symbol interference can be suppressed by increasing a main signal amplitude. 
[0044] Accordingly, the present invention has set up a computation model for determining a track pitch and a pit width, j 
as follows: j 
[0045] (1) the condition that the product of a track pitch TP and a shortest pit length Tmin is constant (i.e. recording 
density constant) (hereinafter described simply as TP*Tmin) is added; 

[0046] (2) evaluated value is given not as a signal amplitude obtained from the reproducing light spot shifted from a 
track center to a between-track point but as crosstalk-signal-amplitude/main-signal-amplitude; 
[0047] (3) to compute a main signal, a value is used that the pits shortest in pit length are arranged with a single 
period on the track as shown in FIG. 4. This is because this is a severe condition that inter-symbol interference is 
ready to occur in the highest possibility. Meanwhile, to compute a crosstalk signal, a value is used that the pits longest 
in pit length are arranged with a single period on the track as shown in FIG. 5. This is because this is a severe 
condition that crosstalk is ready to occur in the highest possibility. A crosstalk signal amplitude is given as a signal % 
amplitude when the reproducing beam scans a point distant just by a track pitch from an on-track point. In addition, 
the pit sectional form is grovided with a slant-surface width of 0 in its side surface, i.e. an inclination of 90 degrees 
rrom the top surface to bottom surface. The case having a slant-surface angle in the pit section is described later. 
[0048] Using this model, a simulation of a change in crosstalk-signal-amplitude/main-signai-amplitude (dB) have been 
conducted under conditions changing the track pitch ([mu]m) and the pit width (nm) in the case of (NA, [lambda])= 
:(0.85, 405 nm) and TP*Tmin=0.044 [mu]m<2>, and then the ranges of track pitch and a pit width are determined have 
been evaluated. The value of TP*Tmin-0.044 [mu]m<2 >intends to be recordable of the data of about 27 GB to an 4 
!optical disc having a diameter of 12 cm under the modulation (1 , 7) RLL. This is a sufficient density for recording 
HQJV video images in an amount of 2 hours and 30*minutes, as described before. , | 

[0049] A result of the simulation is shown in the three-dimensional graph of FIG. 6. As apparent from the figure, a 
distribution representative of a bottom value can be confirmed in the vicinity of a track pitch of 0.3 [mu]m and of a pit 
Width of 1 0 to 40 nm in the range of a track pitch of 6.24 to 0.36 [mu]m and of a pit width of 10 to 1 90 nm. * 
[0050] Similarly, FIG. 7 shows a contour-line graph by the simulation result. It is to be considered that there are almost 
no practical problem where the crosstalk-signal-amplitude/main-signal-amplitude is -8 to -9 dB or below (the crosstalk 
signal is about one-third or below of the main signal). The pit width if greater is generally advantageous for S/N 
suppression because of capability of taking the main-signal absolute amplitude great. The track pitch if wider is # f' 
advantageous for tracking servo system. That is, it is desired in FIG. 7 to provide a crosstalk-signal-amplitude/main- 
signal-amplitude off 9 dB or below arid further in an jarea of as upper right as possible. * ' '% - 
[0051] As apparent from the above discussion, if selecting a track pitch and a pit width free from any practical ^ 
jprpblemfthe area Nvithin the bold square at A in FIG. 7 is obtained, i.e. a range of a track pitch of 0t27 to 0|325 [mu]m 
and of a pit width of 120 [mu]m or less. 

[0052] Next, confirmative computation was made on the case of increasing the value TP*Tmin (i.e. decreasing the 
recording capacity). 

[0053] The simulation results, where values TP*Tmin are 0.050 [mu]m<2 >and 0.060 [mu]m<2>, are respectively 
shown in the three-dimensional graphs of FIGS. 8 and 9. From these three-dimensional graphs, it can be seen that 
spread is the distribution Jn the/anges of Jrac* pitcryand pit width that is Iqw in the value of crosstalk-signal- 
!amplitude/main-signal-amplitude. Similarly, as apparent from the contour-fine graphs of FIGS. 10 and 11 
corresponding respectively to FIGS. 8 and 9, it can be seen that, even if the value TP*Tmin is increased, the value of 
brosstalk-signal-amplitude/^ can be kept small within the bold line at A in FIGS. 10 arid 1 1 , i.e. 

jwithin a range of a track pitch of 0.27 to 0.325 [mu]m and a range of a pit width of 120 [mu]m or smaller. That is, it can 
be understood that there is no problem at all in increasing TP*Tmin (i.e. when decreasing the recording capacity) if 
limited to a selection range when TP*Tmin=0.044 [mu]m<2 >(corresponding to a recording capacity of 27 GB). 
[0054] Herein, by expressing the value of TP*Tmin by using ([lambda]/NA)<2>, the range of TP*Tmin of from 0.44 
[mu]m<2 >to 0.060 [mu]m<2 >is given as a range of 0.194 ([lambda]/NA)<2 >to 0.264 ([lambda]/NA)<2>. 
[0055] As apparent from the above discussion, for a value of TP*Tmin of 0.1 94 ([lambda]/NA)<2 >to 0.264 (A/NA)<2>, j 
the crosstalk and inter-symbol interference can be suppressed to such a small extent that there is no practical problem 
by providing a track pitch range of 0.270 to 0.325 [mu]m and a pit width range of 120 nm or smaller. The above range, 
if using (1 , 7) RLL modulation, corresponds to a data record of approximately 27.1 to 1 9.9 GB in an optical disc having 
a diameter of 1 2 cm. 

[0056] Next, consideration was made on the effect in changing the numerical aperture NA and light beam wavelength 
[lambda]. On this occasion, TP*Tmin was given 0.194 ([lambda]/NA)<2 >as the most strict condition in the above 
consideration. * 

[0057] FIG. 12 and FIG. 13 show three-dimensional graphs of results of simulation for numerical apertures NA of 0.78 
and 0.86, i.e. (NA, [lambda])=(0.78, 405 nm) and (NA, [lambda])=(0.86, 405 nm). Meanwhile, FIG. 14 and FIG. 15 
show three-dimensional graphs of results of simulation for light beam wavelength [lambda] of 415 nm and. 400 nm, 
i.e. (NA, [lambda])=(0.85, 415 nm) and (NA, [Iambda])=(0.85, 400 nm). As apparent from these three-dimensional 
'graphs, it can be seen that the distribution in the ranges of track pitch and pit width that is low value in crosstalk- 
signal-amplitude/main-signal-amplitude is nearly satisfied even if the numerical aperture NA and light beam 
wavelength [lambda] changes. Similarly, as apparent from the contour-line graphs of FIGS. 16 to 19 respectively 
corresponding to FIGS. 12 to 15, it can be seen that, particularly when given NA=0.78 shown in FIG. 16, there is a 
need to narrow the lower limit of the track pitch from 0.27 [mu]m to 0.28 [mujm. It can be seen that, in other points 
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than that, there are no problems in the ranges of track pitch and pit width. 
[0058] The following is to be understood by summarizing the above results. 

[0059] In a disc system using conditions of an NA selected form 0.78 to 0.86 and a wavelength [lambda] selected form j 
;400 to 41 5 nm in a range of TP*Tmin of 0.1 94 ([!ambda]/NA)<2 >to 0.264 ([lambda]/NA)<2>, the crosstalk and inter- | 
symbol interference can be suppressed to such a small extent that there is no practical problem by providing a range 
of a track pitch of 0.280 to 0.325 [nfiu]m and a range of a pit width of 120 nm or smaller. 

[0060] On the other hand, laser beam recorders (hereinafter abbreviated as LBR) have been used for rendering pits in j 
the manufacture of exclusive reproducing optical discs. However, for LBRs, rendering is limited only for the pits having \ 
nearly a pit width=200 nm. 

[0061] However, the use of EBR makes possible to realize the above pit width. The pit made by use of EBR is 
considerably narrower in pit slant portion than the pit made by LBR. It is however impossible to exactly make the 
upper width and the lower width (bottom width) of the pit matched as in the model used in the above consideration. 
[0062] Accordingly, consideration has been made on the effect of narrowing the pit lower width when the pit upper 
width is fixed. FIG. 20 is a figure for explaining a pit form in the optical disc of the invention. In this case, the pit 10 has 
a peripheral edge made as a descending-gradient slant and a bottom nearly fiat. Numeral 1 1 is a section of the pit 10 
in a radial direction of an optical disc (track width direction), 12 is a section in a circumferential direction of the optical 
disc (track direction), Wm is a length of an upper opening of the pit 10 in a track width direction (upper width), and Wi 
is a length of a bottom of the pit 1 0 in a track width direction (lower width). Giving (NA, [lambda])=(0.85, 405 nm) and 
TP*Tmin=0.194 ([lambda]/NA)<2>, the pit lower width Wi was changed more than zero to 100 nm by fixing the pit 
upper width Wm at 100 [mu]m as shown in FIG. 20. To this optical disc, an optical disc having a track pitch=0.30 [mu] 
m and shortest pit length=0.147 [mu]m corresponds. 

[0063] This simulation result is shown in the graph of FIG. 21 . As understood from the figure, if the pit upper width is 
fixed, then the main signal amplitude Main (Tmin) and crosstalk signal amplitude Cross Talk (Tmax) similarly changes. 
Accordingly, it can be understood that there is almost no change in the value of crosstalk-signal-amplitude/main- 
signal-amplitude (Cross-Talk/Main) even if the pit lower width is narrowed. 

[0064] That is, it is understood that the above ranges of track pitch and pit width are effective without relying upon the 

yalue of the pit loweri width. # t i •■' 

[0065] However, if the pit lower width is excessively narrowed, variation occurs during pit rendering in the manufacture 

of exclusive reproducing optical discs thereby making difficult to obtain a well-reproducible pit form. That is, in making 

a master disc, the inclination angle of a recess side surface is difficult to control because of change due to a resist 

material kind, film thick distribution and developing condition, thereby causing a case of not forming a bottom of a pit 

recess. 

[0066] The reason why a pit is difficult to stably form if the pit lower width is narrowed is described in detail below. # 
[0067] In optical disc mastering due to EBR, resist is applied to a master disc. This is rotated to conduct exposure by 
illuminating an electron beam to the master disc. Thereafter, the resist is developed thereby forming recesses 
corresponding to pits in an exposed area. ' * - *' :ff I ' 

[0068] As shown in a typical view of a master disc section of FIGS. 22 and 23, a pit recess is usually formed in the 
'depth direction with an angle. This angle varies depending not only upon a resist kind but also upon an exposure 
intensity distribution, developing process and the like, and hence is difficult to exactly control. Variation unavoidably 
Occurs in a certain extent. 

[0069] | FIG. 22 and FIG. 23 each represent a case the recess side surface changes in inclination provided that the pit 
depth is 64 nm and the pit upper width is l!l0 nm. I ,!| ; " ' f ¥ ■ v 

[0070] FIG. 22 shows a manner that the side-surface inclination has changed by +-10 degrees from a center of an 
angle of 75 degrees. The pit lower width varies depending on the inclination, i.e. 76 nm at a side-surface inclination of 
75 degrees? 50 nm at 65 degrees and 99 nm at 85»degrees. 'f '*?p< 5 *f " fr ^ ; I 

[0071] Meanwhile, FIG. 23 shows a manner that the side-surface inclination has changed by +-10 degrees from an 
angle 50 degrees as a center. The pit lower width is 2.6 nm hence providing nearly a triangularjsection, when the side- \ 
surface inclination angle is 50 degrees. Accordingly, the pit lower width is 36 nm when the inclination angle is 60 
^degrees. However, in the case of 40 degrees, the pit is not formed to a required depth of 64 nm ([lambda]/6.25). As 
apparent from this discussion, if the pit lower width is excessively narrowed in the manufacture of a master disc, it is 
difficult to stably make pits with a required Septh. % ! ^ n ^ # 

[0072] The process of inject-molding a resin using a stumper made from the master disc becomes difficult as the pit 
width becomes narrower. As a result of examining the limitation through experiment, the minimum width was 40 nm 
for a pit depth of 60 rim ([lambda]/6.66) and inclination angle of approximately 90 degrees. Accordingly, it is to be 
considered that forming is possible where the pit lower width is 40 nm or greater and the pit upper width is greater 
than that. On the basis of this discussion, consideration is made on a master-disc section on the assumption of a pit ^ 
lower width of 40 nm. In this case it is 61 degreesFThe assumption that the inclination deviates +-10 degrees from that 
point as a center gives FIG. 24. In this manner, in the case of the pit lower width of 40 nm, there is no possibility that 
the recess bottom be made shallow even if the inclination is moderated by 10 degrees due to the variation in 
manufacture. 

[0073] From a result of repetition of the above experiment, it was found that 40 nm or greater is required for a pit lower 
width of an optical disc. 

[0074] The following is found by summarizing ail the above considerations. 

[0075] In a disc system using conditions of an NA selected form 0.78 to 0.86 and a wavelength [lambda] selected form 
|400 to 415 nm in a range of TP*Tmin of 0.194 ([lambda]/NA)<2 >to 0.264 ([lambda]/NA)<2>, it is possible to stably 
manufacture exclusive reproducing optical discs having a crosstalk and inter-symbol interference suppressed to such 
a small extent there is no practical problem by providing a track pitch of 0.280 to 0.325 [mu]m and a pit width of 120 
nm or smaller and a pit lower width of 40 nm or greater. The pit width is a pit maximum width. 
[0076] FIG. 25 is a model on a reproducing optical system of an optical disc information reproducing apparatus 
according to the invention, showing a schematic structure of an optical recording/reproducing apparatus provided with 
an optical pickup device as an example of an embodiment. An optical pickup has a blue semiconductor laser LD1 for 
emitting a short wavelength blue portion having a wavelength of nearly 400 nm to 415 nm, preferably around 405 nm. 
[0077] The optical pickup has a polarization beam splitter 13, a collimator lens 14, a [1/4]-wavelength plate 15 and two 
groups of lens units 1 6. By the above light-illumination optical system, the laser beam from the semiconductor laser 
LD1 is turned into a coliimating beam by the collimator lens 14. The beam is then passed through the polarization 
beam splitter 13 and transmitted through the [1/4]-wavelength plate 15, and focused by the objective lens unit 16 
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toward the optical disc 5 placed around the focal point thereof. Thus, a light spot is formed on a pit train of an 
information recording surface of the optical disc 5. 

[0078] In addition to the above light illuminating optical system, the optical pickup further has a light-detecting optical 
system such as a detecting lens 17. The objective lens unit 16, the [1/4]-wavelength plate 15 and the polarization 
beam splitter 13 are utilized also in the light-detecting optical system. The reflection light from the optical disc 5 is 
focused by the objective lens unit 16 and passed through the [1/4]-wavelength plate 15, then being directed toward a 
detecting focus lens 17 by the polarization beam splitter 13. The focused light collected by the detecting lens 17 is 
passed through an astigmatism generating element (not shown), e.g. a cylindrical lens or a multi-lens, to form a light 
spot at or around a center of a light-receiving surface 19 of a photodetector. 

[0079] Meanwhile, the light-receiving surface 19 of the photodetector is connected to a demodulator 30 and error 
detecting circuit 31 . The error detecting circuit 31 is connected to a drive circuit 33 for driving a mechanism including 
an actuator 26 for tracking control and focus control of the objective lens unit. 

[0080] The photodetector supplies an electric signal dependent upon a light-spot image formed at or around the center 
of the light-receiving surface 1 9 to the demodulator circuit 30 and error detecting circuit 31 . The demodulator circuit 30 
generates a recording signal on the basis of the electric signal. The error detecting circuit 31 generates a focus error 
signal, a tracking error signal and other servo signals on the basis of the electric signal, and supplied each drive signal J 
to each actuator through a drive circuit 33 for the actuator. These drives under servo control the objective lens unit 16 \ 
and the like in accordance with each drive signal. 

[0081] Next, the structure of an optical disc according to the invention is described. A circular substrate of a light- 
transmissive resin, such as polycarbonate or acrylic resin, having emboss pits defined as above is deposited with a 
reflection film of aluminum or the like on one surface thereof, on which a light-transmissive layer is formed with a 
thickness of 0.1 mm. Reading out is at the light-transmissive side. Meanwhile, a double-sided disc is available by 
opposing and bonding together the substrates through adhesive layer of a thermo-setting type or the like. The optical 
jdisc has a clamping bore opened in the center, around which a clamping zone is provided. 

'INDUSTRIAL APPLICABILITY 

[0082] As described above, the optical disc according to the invention has a pit form optimal in track pitch and width to 
reduce the crosstalk-signal-amplitude/main-signal-amplitude representative of superiority and inferiority in reproduced 
'RF signal characteristic to -9 dB or lower, thus securing a sufficient system margin and drastically enhancing 
information recording density as compared to the DVD.I % r ! 

£ f • • • , * : - • • ' • '>:■;'.: " j 
_ 1 Data supplied from the esp®cenet database - Worl dwide 
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